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Abstract: In order to utilize the waste biomass resources efficiently, Caragana Korshinskii was selected as raw material to
produce biochar at 650°C for 3h by oxygen-limited pyrolysis, using Al modified caragana biochar by direct modification
method, and the adsorptions of phosphate in aqueous solutions were evaluated. The effects of initial phosphate
concentration and contact time in batch sorption experiments were investigated by the four kinds of isothermal adsorption
model (Langmuir, Freundlich, Temkim, D-R model) and the four kinds of adsorption kinetics model (Pseudo first-order,
Pseudo second-order, Elovich model, Intraparticle diffusion model), respectively. In addition, the adsorption properties of
Al modified biochar on phosphate were investigated by the effects of isothermal adsorption, adsorption kinetics, pH and
addition concentration, respectively. The influencing factors of adsorption characteristics about caragana biochar (NB) and
Al modification caragana biochar (Al-NB) were discussed by characterized for their elemental composition, functional
groups, surface area, surface morphology and scanning electron microscope. The results showed that the adsorption

capacity of NB to phosphate was very low; however, when the optimum modification ratio of Al-NB was
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0.2:1, the adsorption capacity reached the largest, which is 8.35 times higher than that of the unmodified NB. The
adsorption kinetics was best fitted by the pseudo-first order model, while the isothermal adsorption was best described by
Langmuir isotherms, indicating that the beneficial adsorption process was monolayer via the boundary diffusion. The
adsorption equilibrium was reached in 24h, and the maximum adsorption capacity of reached 19.97mg/g. With the
increase of AI-NB addition amount, the adsorption capacity of phosphate decreased and the removal rate gradually
increasing. The best addition amount was 2.5g/L.. The optimum pH was 4~10, and the adsorption capacity reached the
largest when pH=7. After adsorption phosphate, the pH of the solution was leaned to the neutral range and had a certain
buffer effect. The mechanism of phosphate adsorbed by Al-NB mainly includes: electrostatic attraction, ligand exchange
(hydroxyl), anion exchange (NO; ), as well as the inner-sphere surface complex formation process. It was demonstrated

that AI-NB could be considered as a promising material to immobilize phosphate in contaminated Eutrophication water.
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Table 4 Isothermal adsorption fitting parameters of AI-NB for P
AR Langmuir . Freundlich . Temkin . D-R model .
a Om(mg/g) R Kr n R A B R Qo(mmol/g) E(kJ/mol) R
AlI-NB 0.08 19.97 0.964 3.21 268 0969 426 272 0902 17.05 8.42 0.880
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Table 5 Adsorption Kinetics fitting parameters of AI-NB for P
AR RSP . =TT Elovich #U_ Bt
O(mg/g) ki R O(mg/g) ks R a b R ki c R
Al-NB 12.06 031 099 11.2 6.6x10° 090 473 032 093 184 179 076

R4 e s Sy R E S HL W W 0.5mg/g 1 P. Elovich BRI &0 R* 4%
2 b, 232 A 4 0.008mg/(g-min), 20BN &L Ul AI-NB 78 AN Bk R A B A Y 5]
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Table 6 Comparison of sorption capacity of AI-NB with selected biochars derived from different materials and modified

method for P
A R AR il %R BE(C) P IN 1) (h) S KR Bt i (mg/g) K
IKET 400 12 291 [41]
FEFT 400 12 2.7 [41]
T 400 12 2.47 [41]
Bkt 400 12 222 [41]
Fa%t 400 12 234 [41]
Fré& 650 24 1.38 AHEFE
20%M1) MgO Bot H i 550 24 398.71 [16]
Fe Bt /N EAEFT (8RR EE 0.7:1) 360 4 16.58 [42]
Fe Bt /NEFEFT (B ak EE 0.85:1) 400 3 18.59 [43]
Fe/Ca U PE/NAEREFT (BRI LL ol 098,85 ¢ LE 2 1.2) 600 3 22.17 [43]
Al AT IR 750~800 24 10.00 [22]
Fe Bt /NEFEFT (B ak EE 0.56:1) 400 2 10.01 [3]
Fe Sttt 25 (kak IE 0.012:1) 350 24 0.66 [35]
TR U EAG T K 700 20 1.24 [26]
Fe PR 350 24 0.963 [33]
La,05 tietEEfitg A 500 4 142.7 [32]
PR 2516 T 4 [ g 450 24 31.28 [44]
GErt RN I PR 252 A T e [ g 584.1 24 460.3 [45]
2:1Mg/Al BE A S H R 550 24 53.39 [16]
3:1Mg/Al BUE A U H R 550 24 72.05 [16]
4:1Mg/Al RS A Sk H e 550 24 81.83 [16]
Mg SrtE R 2B L 0.48:1) 600 24 8.52 [24]
Mg Stk AR R (B LE 0.36:1) 600 24 9.21 [24]
Al B4 (R R G 0.02:1) 650 24 19.97 AHEFE

22 PP (1 35 R S o e B3 Lan g o 28 4B B 048 g MR B8 9 5 R ) i K AR

4 Zhig

4.1 AI-NB AR ARSI 0.2:1,2 K
et NB 1) 8.35 £i% . Langmuir #5784 GEAEIR L7 (1) 46
AFT AI-NB X P A28 W PRt R 33 130 R B aek
P E R 7 R R, HOA A &R
Bt AI-NB X PRI B Bl ) 22 55 S e — 208l )y 2%
F AR, 0 I SFC I R e s 4 55 B P P A,
gl AR SRR UKL P 7 H 2 TR B R
LA™ Fi50 8 I [ 4 o VR R e I3k .

4.2 AI-NB XJ P [ 28 B KW 0 19.97mg/

g, VAT (] 8y 24h. BEAE S 0 135 K, ALI-NB. X
PR B AN WIS, 2 PR AR W N, 2.5g/L A
I AR I B pH 7F 4~10 I AI-NB X} P (W B} %%
RELFY pH=7 WA EAE WM P S, 3T
pH A [n) V5 FE U4E () 45 AI-NB i 31—
SE G EH].

4.3 PH AI-NB W FH OB 3= A0 45 5 H A H
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